The efficient conjugate addition of vicinal -OH and -SH acids such as ethylene glycol and 1,2-ethanedithiol to dibenzoylacetylene in the presence of PPh3 leads to different products depending on the reaction conditions. Ab initio calculations at HF/6-31G* level shows that the unsymmetrical envelope conformation of 2,2-disubstituted 1,3-dioxolane 1 is more stable than the half-chair and Cs symmetric envelope forms.
Introduction
The addition of stabilized nucleophilescarbon-based or heteronucleophiles, to activated alkynes has been used far less often in organic synthesis than electrophilic addition to these systems. These nucleophilic reactions can be highly stereoselective or nearly stereorandom, depending on reaction conditions [1] . One particularly useful intramolecular trapping involves the condensation of bi-functionalized groups with activated alkynes to produce heterocyclic compounds in one or two steps in good yields [2, 3] . On the other hand, different products are obtained from the reaction between activated alkynes and trivalent phosphorus nucleophiles in the presence of a proton source such as an alcohol or thiol [4] . The dithiol addition chemistry provides a useful general and versatile method to generate sulfur-containing compounds [5, 6] .
Continuing from out earlier results in this field [7] [8] [9] , we here report that both ethylene glycol and ethanedithiol undergo smooth addition reactions with dibenzoylacetylene in the presence of triphenylphosphine at ambient and reflux temperatures, leading to the production of 2-(2-hydroxy-ethoxy)-1-phenyl-3-(2-phenyl- [1, 3] -dioxolan-2-yl)-propan-1-one 1, 2-{2-[1-Benzoyl-3-oxo-3-phenyl-2-(triphenyl-λ 5 -phosphanylidene)-propoxy]-ethoxy}-1,4-diphenyl-but-2-ene-1,4-dione 2 and 2-(2-mercapto-ethylsulfanyl)-1,4-diphenyl-butane-1,4-dione 3 (see Scheme 1). The results of ab initio calculations at the HF/6-31G* level are reported for the different conformations of 2,2-disubstituted 1,3-dioxolane 1. mixture of dibenzoylacetylene (0.45g, 2 mmol) in CHCl 3 (5 mL) was added dropwise for 2 min at -5°C. The reaction mixture was then allowed to warm up to room temperature and stirred for 24 h. The solvent was removed under reduced pressure and the viscous residue was purified by column chromatography using n-hexane -EtOAc (3:1) and preparative TLC on silica gel (Merck silica gel DC-Fertigplatten 60/Kieselgur HF 254+366 ) 20×20 cm plates using n-hexane -EtOAc (6:1) as eluent. Zones were detected by quenching of indicator fluorescence upon exposure to 366 nm UV light. The product was obtained by extraction of silica gel with acetone to produce compound 1 as white powder, yield: 0.25 g (73%), TLC-Rf = 0.28, m.p. 110-112°C. IR(KBr) ν max / cm 
Experimental procedure
Triphenylphosphine, 1,2-ethanediol and 1,2-ethanedithiol were obtained from Fluka and were used without further purification. Dibenzoylacetylene was prepared by a known method [10, 11] . Melting points were measured on an Electrothermal 9100 apparatus. Elemental analyses for C and H were performed using a Leco 600 instrument. The NMR spectra were recorded at 300 ( 1 H) and 75.5 ( 13 C) MHz on a Bruker 300-AVANCE FT-NMR instrument with CDCl 3 as solvent. Chemical shifts (δ) are reported relative to TMS as the internal standard. IR spectra were recorded on a Bomem MB-100 IR spectrometer. Mass spectra were recorded on a Finnigan-Matt TSQ-70 spectrometer. Analytical thin layer chromatography was performed on glass plates prepared with silica gel.
Column chromatography was performed using 230-400 mesh Merck silica gel with mixtures of hexane, CH 2 Cl 2 and EtOAc used as eluents.
Preparation of 2-(2-hydroxy-ethoxy)-1-phenyl-3-(2-phenyl-[1,3]-dioxolan-2-yl)-propan-1-one (1)
To a magnetically stirred solution of Ph 3 P (0.52 g, 2 mmol) and 1,2-ethanediol (0.12 g, 2 mmol) in CHCl 3 (10 mL), a 
Preparation of 2-{2-[1-Benzoyl-3-oxo-

3-phenyl-2-(triphenyl-λ
-phosphanylidene)-propoxy]-ethoxy}-1,4-diphenyl-but-2-ene-1,4-dione (2)
Compound 2 was prepared in a manner similar to 1, except that the reaction mixture was then heated to boiling temperature and refluxed for 72 h. After removing the solvent, the residue was purified by thin layer chromatography using CH 2 Cl 2 -n-hexane-EtOAc (6:0.5:0.5) as eluent. 
Preparation of 2-(2-Mercapto-ethylsulfanyl)-1,4-diphenyl-butane-1,4-dione (3)
Compound 3 was prepared in a manner similar to 1, but using 1,2-ethanedithiol (0.19 g, 2 mmol) instead of ethyleneglycol. Reactions were carried out both at ambient and reflux temperatures for 24 h. After removing the solvent, the products were purified by thin layer chromatography using n-hexane -EtOAc 
Results and discussion
The reaction of dibenzoylacetylene with 1,2-ethanediol and 1,2-ethanedithiol in presence of PPh 3 was carried out in CHCl 3 at ambient and reflux temperatures. Also, the 1 H decoupled 13 C NMR spectrum of 1 showed that the phenyl groups are diastereotopic. They The structural assignment of compound 1 performed on the basis of 1 H and 13 C NMR spectra was supported by the IR spectra. A single distinctive absorption band appeared in the carbonyl region (see Experimental). The OH absorption band of compound 1 appears at about 3439 cm -1 . We propose a plausible mechanism for the formation of the 1,3-dioxolane derivative 1, which is indicated in Scheme 2. The functionalized compound 1a apparently results from the initial addition of triphenylphosphine to dibenzoylacetylene and subsequent protonation of the 1:1 adduct by ethylene glycol. Then the positively charged ion is attacked by the conjugate base of ethylene glycol to produce ylide 1b, which, in turn, is protonated. Such an addition product may be attacked by another ethylenglycol molecule on the carbonyl group adjacent to triphenylphosphonium. Subsequent elimination of triphenylphosphine oxide produces 1c. Then the ring closure is followed by protonation to give compound 1.
1,3-Dioxolane heterocycles can be used as monomers in polymerization reactions [12] . They may also find other uses as chemical intermediates [13] , process solvents, and as odorants structurally related to dioxolane [14] . One of the most important factors influencing the properties of a particular compound is the stereochemistry of the ring dioxolane. We therefore considered and compared the different conformations of compound 1 from both structural and energetic points of view. The results of ab initio calculations at HF/6-31G* level for the different conformations of 1,3-dioxolane derivative 1 are shown in Table 1 and Fig. 1 . They indicate that there are three major conformers, namely, the unsymmetrical envelope, C S symmetric envelope and half-chair forms. The lowest energy conformation of 1 is the unsymmetrical envelope form. This conformation is more stable than the C S symmetric envelope and halfchair by 14.2 and 27.3 kJ mol -1 , respectively. The 1 H NMR spectra of 2 show the characteristic signals in corresponding regions of the spectrum.
For example, there are two singlets for the methyne proton (δ = 4.51 ppm) and vinylic proton (δ = 6.07 ppm) respectively. Also, the phenyl protons appear as multiplets at δ = 7.37-8.11 ppm.
The 13 C NMR spectrum of 2 showed resonances in agreement with the proposed structure but the number of signals is reduced because the presence of the 31 P nucleus complicates both the 1 H and 13 C NMR spectra of 2. The carbonyl band in the IR spectrum is expected at 1708-1745 cm -1 for this compound, but conjugation with the carbon-carbon double bond appears to be a plausible factor which might lead to the reduction of these absorption frequencies. The strong stretching vibration of C-O groups is observed around 1055 cm -1 . When the reaction was carried out at reflux temperature, the uncyclized structure was the main product. As shown in Scheme 3, the intermediate 1b, when treated with a second mole of dibenzoylacetylene, successfully underwent a conjugate addition to give product 2.
The structure of compound 3 was deduced from 1 H NMR spectra that showed two characteristic signals identified as methyne (δ = 4.88-4.90 ppm) and methylene protons (δ = 3.47 and 4.12 ppm), along with multiplets (δ = 2.62-2.94 ppm) for the two -S-CH 2 fragments in the structure. The phenyl residues gave rise to some signals in the aromatic region (δ = 7.48-8.09 ppm). The 1 H decoupled 13 C NMR spectrum of 3 displayed fourteen distinct resonances, which is in agreement with the structure. The structural assignments were supported by IR spectra, which exhibited two absorption bands in the carbonyl region (see Experimental procedure). Of special interest is the S-H absorption at 2371 cm -1 and the C-S stretching frequency at 688 cm -1 . When the reaction was run at reflux temperature, the same product 3 was obtained in the same yield.
A possible explanation for the formation of mercapto-ethylsulfanyl derivative 3 is proposed in Scheme 4. The compound 3b, obtained via the same mechanism as 1b, underwent a subsequent elimination of triphenylphosphine oxide to produce compound 3.
Conclusion
The reaction between dibenzoylacetylene and ethylene glycol in the presence of PPh 3 produced compounds 1 and 2 at ambient and reflux temperature respectively. The uncyclized product 3 was also formed in the same reaction conditions with ethylenedithiol. The one-pot synthesis of 2,2-disubstituted-1,3-dioxolane 1 under neutral conditions without any modification is a significant achievement in the present procedure. Moreover, according to the ab initio calculations at HF/6-31G* level, the chiral envelope geometry of 1,3-dioxolane derivative 1 is the most stable conformer. relative energy (b) for the conformations of 2,2-disubstituted-1,3-dioxolane (1).
Scheme 3.
The mechanism of the formation of compound 2
Calculations
Ab initio molecular orbital calculations were carried out using the GAUSSIAN 98 program [15] . Geometries for all structures were fully optimized by means of analytical energy gradients using the Berny optimizer with no geometrical constraints [16] . The restricted Hartree-Fock calculations with the split-valence 6-31G* basis set, which include a set of d-type polarization functions on all non-hydrogen atoms, were used in the calculations [17] . 
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